Spontaneous testicular lesions were assessed in 50 control purpose-bred male beagle dogs. They were selected from 13 toxicology studies conducted over the period 1988-1999. Age of the dogs at study termination varied from 8-20 months with an average age of 13 months. Regardless of age, the most significant finding was bilateral segmental hypospermatogenesis in 15/50 (30%) of the dogs. Cross sections of tubules with hypospermatogenesis were distributed randomly throughout the testes and were characterized by reduced proportions of germ cells, tubular shrinkage, and Sertoli cell prominence. These changes were occasionally associated with giant cells, with cellular debris, and in 6/15 (40%) with atrophic tubules devoid of germ cells, indicating a degenerative process. Focal subcapsular tubular atrophy or hypoplasia (tubules lined by Sertoli cells only) was also found in 9/35 (26%) of dogs without hypospermatogenesis. Inhibited spermiation with retention of mature sperm in tubules was seen in 6/50 dogs, 3 of which also showed hypospermatogenesis. Other findings of high incidence but low prevalence included tubules with multinucleated giant cells, swollen spermatocytes, or apoptotic germ cells. These latter changes are probably a constituent of normal spermatogenesis. In conclusion, about 30% of control beagle dogs show segmental hypospermatogenesis, which may be associated with degenerative changes, and an additional 18% of the dogs exhibit focal tubular atrophy/hypoplasia in otherwise normal testes. These changes have to be distinguished from compoundrelated toxic effects.
INTRODUCTION
Histologic evaluation of the testes has been shown to be the most sensitive method to evaluate possible drugrelated effects (15, 16) . However, limited information is available on spontaneous testicular lesions in beagle dogs, although they are frequently used as the nonrodent species in drug safety studies (2, 6, 8) . Therefore, a retrospective histologic examination of testes from 50 control beagle dogs was performed to assess the incidence of spontaneous lesions.
MATERIALS AND METHODS
Histologic slides of both testes were selected from 50 control purpose-bred beagle dogs used in 13 toxicologic studies at SmithKline Beecham Pharmaceuticals, King of Prussia, Pennsylvania, during the 1988-1999 period. The dogs were purchased from Marshall Animal Farms, Inc, North Rose, NY; housed individually in stainless-steel cages in environmentally controlled rooms (19-23°C; 40-70% relative humidity) with a 12-hour light:dark cycle ; and fed a daily allotment of approximately 400 g of a commercial Certified Canine Diet (PMI Feeds, Inc, St Louis, MO). Filtered tap water was freely available from an automatic watering system. The duration of studies varied from 1 week to 6 months, and at necropsy the dogs were 8-20 months old, with an average of 13 months. All dogs were found to be sexually mature based on age, testicular histology, and/or presence of mature sperm in the epididymis (7, 9) . Most of the testes were fixed by immersion in neutral buffered formalin, except for 3 that were fixed in Bouin's solution for 24 hours and then transferred to a solution of 70% ethanol. In 47 cases, the testes were trimmed longitudinally (together with the epididymis) and embedded in a single paraffin block as complete half, or, if too large, a central piece was removed. Of the 3 testes fixed in Bouin's solution, 1 testis was trimmed to provide a complete longitudinal section (without epididymis), and the other testis was trimmed transversally for a cross section. The latter procedures reflect changes that were introduced recently in the laboratory to improve preservation of testicular tissue and allow stage-dependent evaluation of spermatogenesis. All paraffin blocks were sectioned at 5 Vtm, stained with hematoxylin and eosin, and evaluated by light microscopy using a X25 objective (14) .
RESULTS
Regardless of age, bilateral segmental hypospermatogenesis was the most important finding and occurred in 15/50 (30%) of the dogs (Table 1) . Changes occurred throughout the testes and were characterized by inadequate and/or reduced proportions of germ cells, tubular shrinkage, and Sertoli cell prominence (Figures 1-3 ). Germ cell populations were reduced or there was complete absence of round or elongated spermatids and/or spermatocytes. The affected tubules occasionally contained cellular debris, multinucleated giant cells, and/or swollen spermatocytes (Figures 4 and 5 ). Severity of segmental hypospermatogenesis was subjectively assessed by comparing the extent of cellular reduction and prevalence of affected segments as mild (9 cases), moderate (5 cases), or severe ( case). Mild hypospermatogenesis was categorized as >10 affected segments/testes and higher magnification (X25 objective) was often required to appreciate the lesions; in moderate cases, affected tubules were apparent in 1/3-4 microscopic fields, and loss of cells was obvious at lower magnifications ( X 10 objective). In the single severe case (Figures 6 and 7), there were few normal segments, testicular size was reduced, and sperm was absent in the epididymis. Epididymal contents with regard to sperm quantity or the presence of immature forms and giant cells did not always correlate well with testicular findings. This may be due to inconsistent trimming procedures or due to different timings of lesions. Likewise, the combined testicular/epididymal weight (as available) did not correlate with testicular findings (data not shown). In 6/15 (40%) of dogs with segmental hypospermatogenesis, tubules lined predominantly by Sertoli cells with empty lumens were also observed ( Figure 7 ). Similar tubules were found less commonly in dogs with normal testes, that is, 9/35 (26%). In these cases, the Sertoli cell-only tubules were frequently located subcapsularly (Table 2 and Figure 8 ). The diagnosis of tubular atrophy is appropriate in cases where Sertoli cell-only tubules showed clear contiguity with hypospermtogenic tubules. However, when surrounded by normal tubules, tubular hypoplasia may be the appropriate terminology.
Inhibited spermiation with retention of mature sperm in tubules (6/50) was considered an uncommon lesion.
Three of these 6 dogs with inhibited spermiation also had segmental hypospermatogenesis. These cases were characterized by mature sperm adhering to or phagocytosed by Sertoli cells in stages VI and VII (Figure 9 ). A small testicular sperm granuloma was seen in 1 dog, and occasionally very distinct tubular vacuolation was present ( Figure 6 ). Diagnosis of vacuolation in formalin-fixed tissues proved to be difficult, and therefore no incidence data are presented. Artifacts caused by inadequate fixation included cytoplasmic rarefaction, poor staining, disruption of germ cell layers, and tubular shrinkage ( Figure  10 ). Other artifacts included sloughing of normal germ cells, piling up in the tubule lumen as a result of poor handling at necropsy, and/or inadequate fixation. Most commonly, artifacts were located beneath the tunica albuginea, and therefore these peripheral areas were not included in the evaluation of the testes. In Bouin's fixed tissue, residual bodies stain deeply eosinophilic and should not be mistaken for apoptotic bodies. Transitional areas between seminiferous tubules and the rete testis could be mistaken for tubules with segmental hypospermatogenesis ( Figure 11 ). Common histologic findings in otherwise normal dog testes included tubules with multinucleated giant cells (averaging 5 tubules/testis), swollen spermatocytes (averaging 2 tubules/testis), or apoptotic germ cells. Multinucleated giant cells were composed mainly of spermatids and occurred usually to a similar extent in both testes. A very low rate of apoptotic spermatocytes and/or spermatids (round or elongated) could be observed in most stages of the spermatogenic cycle and in all layers of germ cells.
DISCUSSION
The current report describes the spontaneous occurrence of testicular lesions in purpose-bred beagle dogs. Knowledge of these lesions and the incidence is of particular importance in toxicity studies, so that misinterpretations whether these lesions are drug related can be avoided. An understanding of spermatogenesis is needed for an accurate evaluation. Specifically, appropriate cell numbers and cell associations need to be recognized in particular stages of the spermatogenic cycle (eg, the appropriate presence or absence of elongated spermatids).
While PAS-stained sections are necessary in the rat for reliable stage recognition, H&E stained slides may be used in the dog (14) . It is highly recommended to use a specific fixative for the testes, such as Bouin's solution, to avoid artifacts produced by inadequate fixation in formalin (4, 14) . All dogs examined in the current study are considered to be sexually mature based on age, testicular histology, and/or presence of mature sperm in the epididymis. In acute studies with very young dogs, immaturity can be a problem if distributed unevenly among treatment groups. Dogs have been reported to reach sexual maturity between the age of 35-41 weeks (7, 9) . The most significant finding of the current investigation is segmental hypospermatogenesis with apparent loss of germ cells and in increased degenerative changes occurring in mature dogs. The cause of segmental hypospermatogensis is unknown. The incidence was not greater in younger dogs excluding delayed maturity, and neither did the incidence increase with age, suggesting that lesions did not progress with age and/or may be reversible. Previously it was reported that up to 6% of beagle dogs aged 2.5-7.75 years showed incomplete spermatogenesis, characterized by a lack of mature spermatids in the lumen of the seminiferous tu-bules (8) . Further descriptions or discussions were not provided, but this observation could be similar to the current finding of segmental hypospermatogenesis.
Focal tubular atrophy has previously been reported in dogs with an incidence of 3% (2, 6 ). In the current study, 30% of dogs had testes with Sertoli cell-only tubules that could have derived from germ cell loss (atrophy) or may have never been populated by germ cells (hypoplasia). In some dogs with hypospermatogenesis, tubules deficient in germ cells were contiguous with Sertoli cell-only tubules, and therefore the latter probably represent tubular atrophy. However, when areas of Sertoli cell-only tubules are present in dogs with normal testes, pathogenesis may involve tubular hypoplasia. Observations in bulls have suggested increased basement membrane thickness and wrinkling as features of tubular atrophy to be distinguished from tubular hypoplasia (10, 11) . These findings were not confirmed in the current dog study. Remodeling of the basement membrane may occur over time and complicate such distinctions.
Inhibited spermiation, also referred to as spermatid retention, is an uncommon change characterized by unreleased sperm being present in the lumen in later stages of the spermatogenic cycle and/or being phagocytosed by Sertoli cells (3, 14) . This is considered an indication of defective spermatids or impaired Sertoli cell function. Inhibited spermiation has not been reported previously in dogs; it occurred as a very subtle lesion in the current study and at a low incidence but can be dramatically increased by testicular toxicants, such as in rats treated with boric acid (3). Multinucleated giant cells in normal testis have been described in many species, including the dog, and usually represent fused spermatids (1, 2, 6, 13) . Multinucleated testicular giant cells are considered to represent a nonspecific degenerative lesion and may be greatly enhanced in cases of toxicity or stress (1, 12) . In this study, 98% of the dogs showed multinucleated giant cells with an average of 5 affected tubules per testis. Despite this high incidence, the low prevalence of this finding may explain the low rate of 3% reported previously (6) . Apoptosis of germ cells was likewise frequently observed. Those noted at the base of a tubule seemed to result from preceding mitotic or meiotic cell divisions. It has been recognized that apoptosis is a mechanism by which germ cells are removed during normal spermatogenesis (5) .
In conclusion, 30% of purpose-bred beagle dogs may show degenerative testicular changes that will have to be distinguished from possible toxic effects. An additional 18% of the dogs exhibit focal tubular atrophy/hypoplasia b Single dog excluded from enumeration because of widespread involvement. in otherwise normal testes. Finally, it would be useful to conduct a histologic evaluation in young dogs to assess tubular hypoplasia and the extent of degenerative changes occurring during puberty. ACKNOWLEDGMENTS I thank Drs Henk Solleveld and Patrick Wier for reviewing the manuscript and Mr Tom Covatta for excellent photographic support.
